Though B-chronic lymphocytic leukemia (CLL) is known to be a heterogeneous disease, only recently has the familial component of CLL been more thoroughly investigated. This entity is seen in approximately 5%-10% of all patients with CLL and can be associated with earlier age of diagnosis, higher female prevalence, and increased incidence of other lymphoproliferative disorders (LPDs), such as non-Hodgkin lymphoma and the more recently described monoclonal B-cell lymphocytosis CLL in family members. The prognostic parameters and clinical course of familial CLL is not clearly distinguishable from that of sporadic disease. In addition, it is not clear that the treatment responses for progressive disease has any discernible difference in familial versus sporadic CLL. The genetic etiology of CLL is unknown, and early work on familial CLL has not yet uncovered any obvious gene or group of genes that can be clearly related to the pathophysiology of CLL. However, the detailed genetic study of familial CLL is likely to be critical in uncovering relevant genes. At present it is best to indicate to concerned CLL patients that their relatives are at relatively low risk of developing CLL or other LPDs.
Introduction
Chronic lymphocytic leukemia (CLL) is known to be the most common leukemia in the Northern hemispheres of America and Europe. However, what may be less well known or recognized is that a family history of CLL is an established risk factor for CLL. In fact, among the leukemias, CLL has one of the highest familial patterns. As early as 1954, families with multiple individuals with CLL have been reported, and recently, a number of studies have consistently demonstrated an increased risk of CLL in individuals with a family history of CLL. This has allowed for separation of two types of CLL based on the presence or absence of blood relatives with CLL: sporadic CLL (S-CLL), whose patients have no blood relatives having CLL; and familial CLL (F-CLL), whose patients do have blood relatives with CLL. In addition, there is recent evidence that blood relatives of CLL patients have an increased incidence of circulating B cells with a phenotype that is identical to CLL leukemic B cells, as well as increased risk of other B-cell lymphomas. In total, this set of information raises many critical questions for the hematology practitioner as well as for the CLL patient. In this review, we have attempted to present information that will at least allow for an informed discussion of these issues. We will present information on the definition of F-CLL, discuss the risk of disease in relatives of patients with F-CLL, compare and contrast the clinical and prognostic features of F-CLL and S-CLL, and finally, discuss the currently known genetic features of F-CLL.
Definition of Familial Chronic Lymphocytic Leukemia
Familial CLL is defined as a CLL case with at least one blood relative with CLL. This definition does not limit the type of familial relationship among the CLL cases. Kindreds can show CLL in both closely related (eg, siblings) and in more distantly related (eg, cousins) relatives. Although this definition is arbitrary, it is based on the fact that families with multiple individuals with CLL are rare. In fact, some of the familial clustering is quite striking; an example is shown in Figure 1 , in which 6 family members have reported CLL. This observation strongly suggests a nonrandom chance finding. A limitation of this definition is the lack of confirmation of the CLL diagnosis in the relative, ie, the self-reported family history. The CLL patient might not actually have F-CLL but rather a family history of another lymphoproliferative disorder (LPD), eg, mantle cell lymphoma. A potential consequence of this misclassification is in determining the risk of CLL (or other LPDs) among the relatives of CLL patients, as discussed below. Future studies on the "true" famil-ial incidence will have to avoid this bias. Another limitation of this definition is the potential misclassification of apparent sporadic cases that really are familial cases. This definition is based on available relatives and age of relatives. For example, a patient with CLL might not have any living relatives who are old enough to have CLL or deceased relatives might not have lived long enough to have CLL.
Risk of Chronic Lymphocytic Leukemia and Other Lymphoproliferative Disorders
A family history of CLL has been reproducibly demonstrated to increase the risk of CLL among relatives of patients with CLL. Based on population and linkage registry studies, the risks range from 2.5-to 7.5-fold change. 1,2 Furthermore, there is consistent evidence that other B-cell malignancies cluster with CLL; an example of a family collected by our group is shown in (Figure 2 ). Estimated relative risks (RRs) among relatives of CLL cases are RR = 1.45 (95% CI, 0.98-2.16) for non-Hodgkin lymphoma (NHL) and RR = 2.35 (95% CI, 1.08-5.08) for Hodgkin lymphoma (HL). 1 So-called nonmalignant LPDs also have been shown to be elevated in F-CLL. Specifically, through sensitive multicolor flow cytometry, monoclonal B-cell lymphocytosis (MBL) has been detected in individuals who might have normal absolute lymphocyte counts. These circulating clones have a similar immunophenotype as CLL but yet do not obtain B-cell counts that are above the newly defined threshold of 5 × 10 9 for the specific diagnosis of CLL. In population studies, MBL occurs in approximately 3.5% among individuals aged > 40 years. 3 However, among first-degree relatives of patients with CLL, this rate increases to about 13.5%-18%. 4, 5 Figure 2 shows that both B-cell lymphomas and MBL are clustering within this CLL family. As a result of these studies, when taking the family history in a given patient, care should be taken to query them on the presence of not just CLL but also the possible presence of other B-cell malignancies. Attention should be paid to both living and dead relatives in terms of whether there was a "hematologic malignancy." In addition, and to be complete, we recommend taking the family history on more than one occasion because the patient may query other family members who can add information that might be particularly helpful for the CLL patient. If there is no definite blood relative with CLL in the patient's family, then by definition this patient would be the sporadic CLL type. One important goal of research in the F-CLL cases would have to determine if there are genetic patterns that clearly dissociate the F-CLL from the S-CLL types (discussed below).
Clinical and Biologic Features of Familial CLL Versus Sporadic CLL
In general, there is no current rationale for having a different approach to the routine diagnostic or prognostic workup of patients with F-CLL versus S-CLL. This extends to both staging of the disease and the prognostic features found in these cases. Evidence to date supports no difference in patients having more or less of an adverse prognosis whether they are in the F-CLL versus S-CLL cohorts. Specifically, this study found that F-CLL and S-CLL showed no significant difference in the proportions of advanced stages and of patients requiring therapy, with a similar survival probability at 10 years. 6 With respect to phenotyping the two diseases, there also appears to be no difference. Both familial and sporadic CLL demonstrated the same characteristic phenotype (positive for surface immunoglobulin, CD5, CD19, and CD23 with dim CD20). 7 However, CD2 and CD13 expression were more frequent (30%) in F-CLL than in S-CLL (2-6%), and the significance of this finding remains obscure. In addition, the incidence of CD38 expression was similar in F-CLL and S-CLL (approximately 45% incidence), although in these studies, the authors felt that CD38 expression did not have the same adverse prognostic implications. 8, 9 In several studies of F-CLL, women appear to be in slight excess of men for all categories. 9 In our series at Mayo Clinic, we have found presence of women in 44% in F-CLL compared with 27% in S-CLL (S. Slager, personal observations).
Mauro et al also found that when assessing affected relatives the rate of first-degree relatives with CLL was around 0.8%. A number of studies 1, 10, 11 found that the mean age at diagnosis was some 10 years younger among familial cases than that observed in sporadic cases (57 years vs. approximately 70 years). The age difference for F-CLL versus S-CLL in our own series is also statistically different, with F-CLL cases having a mean age at diagnosis of 58 years versus 63 years for patients with S-CLL (S. Slager, personal communication).
In addition, the rate of second malignant tumors in F-CLL appeared to be significantly increased compared to S-CLL for female cases. 6 The implications of this for survival in F-CLL are not yet known.
In terms of advanced disease as reviewed above, the rate of Rai III/IV stages appears to be similar for F-CLL versus S-CLL, and the number of patients advancing to treatment was similar. Importantly, no survival differences were seen between the F-CLL cases and the S-CLL, with the possible exception of male F-CLL patients, in which a shorter survival was observed compared with male S-CLL, but this was not statistically significant. 6 Other important issues that remain to be clinically resolved in comparing F-CLL to S-CLL are the exact incidences of complications known to commonly exist in sporadic disease such as hypogammaglobulinemia, autoimmune diseases, skin cancers, and transformation potential to Richter's syndrome. To this latter point, there is one case reported in the literature that documents a transformation to Hodgkin disease in F-CLL, 13 but further research is needed to know whether this transformation is actually associated with familial status.
Currently, the most important predictive prognostic features in CLL appear to be the constellation of CD38 and ZAP-70 expression, fluorescence in situ hybridization (FISH) defects, and immunoglobulin heavy chain variable usage (IgV H ). 14 One recent study looked at the IgV H usage and mutated versus nonmutated status in F-CLL (321 patients from 214 families) versus S-CLL (724 patients). 15 The frequency of mutated CLL was higher in familial CLL, and while there was evidence of intrafamilial concordance in mutation status, the repertoire and frequency of IgV H usage was not significantly different between F-and S-CLL. The V H 3, V H 1, and V H 4 where families expressed at highest frequencies were 49%, 25%, and 18%, respectively, in the same hierarchy in both F-CLL and S-CLL. The authors commented that the absence of concordance between affected sibships for V H family usage might be relevant to the lack of exposure to a common environmental risk for CLL. In total, this fairly large study provided evidence that F-CLL is essentially indistinguishable from S-CLL in terms of IgV H usage. Thus, this important prognostic parameter is likely to have similar significance for both F-CLL and S-CLL.
Similarly, other prognostic factors such as shorter telomeres 16 or CD38 positivity (reviewed above) occur in a proportion of familial cases, similar to what is seen in sporadic cases, although their exact prognostic predictive values are controversial. FISH defects in F-CLL appear to have a similar incidence to S-CLL, but one study has found an increased incidence of del(13q12-14), with 85% versus the known incidence of around 55% found in S-CLL. 17 Given the advances in studying the genome of human malignancies, such as array comparative genomic hybridization and single-nucleotide polymorphisms, there will be significantly more information available soon regarding the similarities of genetic defects in F-CLL versus S-CLL.
Finally, the F-CLL patients appear to have an increased incidence of MBL in blood relatives (reviewed above). This increased incidence may not be of significant relevance, but recent work has suggested that MBL patients can go on to develop clinical CLL. 18, 19 Thus, the MBL clone, which is of identical phenotype to CLL B cells, appears to be biologically similar to leukemic CLL B cells (similar FISH defects and can progress to overt CLL requiring therapy 20 ). Given the latter findings, the importance in F-CLL is that there needs to be more intensive research and follow-up interrogation of family members with MBL in terms of their risk for progression to CLL.
Genetics of Familial and Sporadic Chronic Lymphocytic Leukemia
Because of the strong evidence that a genetic component exists in the etiology of CLL, a number of genetic studies of have been conducted. These studies include family-based studies (also known as linkage studies) of kindreds who have a least 2 individuals with CLL, as well as genetic association studies (which includes both S-CLL and F-CLL patients). The family-based studies typically screen the entire genome for susceptibility genes that are inherited within the CLL families. To date there have been 3 linkage studies reported, [21] [22] [23] with the most recent study including families from the two earlier papers. Interesting genomic regions have been identified on chromosomes 2q21.2, 5q23.2, 6q22.1, 11q12.1, and 18q21.1; however, no definitive susceptibility genes have been found within these regions.
In contrast to linkage studies, genetic association studies are powerful studies for detecting common genetic variants of modest risk. They typically include both F-CLL and S-CLL cases as well as unrelated controls who are disease free. A fair number of candidate gene, pathway, and large genomic studies have been conducted, but in general the results have not been widely replicated. 24 Furthermore, none of these studies have identified any genetic variants that distinguish F-CLL from S-CLL. This may be due to lack of statistical power from the small number of F-CLL cases used in these studies.
The first genome-wide association study of CLL was recently published in which 517 CLL cases (of which 155 were F-CLL) and 1438 controls were genotyped in the discovery phase, and 1024 CLL cases and 1677 controls were genotyped across 2 validation phases. 25 They identified 7 genetic variants that increased the risk of CLL by 1.35-1.54 fold. These variants are located on chromosomes 2q13, 2q37.1, 6p25.3, 11q24.1, 15q23, and 19q13.32. None of these genomic regions overlap with regions previously identified. The most striking finding is on region 6p25.3, which includes the interferon regulatory factor 4 gene (IRF4), a known regulator of lymphocyte development and proliferation. Although these results are exciting, these genetic variants are modest in effect and do not yet warrant genetic testing for counseling of relatives. Further research is needed to evaluate these results in other populations, and functional studies will help clarify the biologic role of these variants in the etiology of CLL.
Summary and Conclusion
This review has shown that B-CLL consists of both sporadic CLL and the less common but not unimportant percentage of patients with F-CLL. The current diagnostic and prognostic consequences of having F-CLL are clearly not any different than those of S-CLL. 
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